Background: Functional dyspepsia (FD) is a common gastrointestinal disease that has various treatments, including medicinal plants.
Background
The presence of dyspepsia in the absence of any pathologic lesion or metabolic abnormality is known as functional dyspepsia (FD) and is a highly prevalent gastrointestinal (GI) disorder observed in one-tenth to over onethird of the population (1, 2) . In the absence of GI pathology, the diagnosis is based on a constellation of symptoms as follows: bothersome postprandial fullness, early satiety, and epigastric pain for over 12 weeks that first began within the last 24 weeks (2).
In addition to its high incidence, functional dyspepsia prompts frequent referrals to primary and specialty clinics due to recurrent and irritating symptoms, which lower patients' quality of life. FD has also increased national health care costs. Different therapeutic interventions have been applied to treat the disorder, but long-term satisfaction has not been achieved (3) . the traditional medicine practices of different countries to treat the symptoms of FD. Dyspepsia is considered a major gastrointestinal disorder in traditional Iranian medicine (TIM) that has various causes, such as gastric maltemperamental disorders (4, 5) .
One medicinal plant with a warm and dry temperament that has been used in TIM to treat digestive disorders, such as bloating, nausea, gastric pain, and hiccups, is wild mint (Pouneh or Fudanaj in Persian) (4) (5) (6) ; the plant (Mentha longifolia L. family Lamiaceae) is native to Europe, Australia, South Africa, and the Mediterranean regions, especially Iran (7) . Toxicological studies have reported that M. longifolia is an herb with a low toxicity, and its LD50 is 3.75 g/kg (8, 9 ). An acute toxicity study on five different flavonoids found in the mint plant revealed that acute toxicity effects of the plant in rats are small; the lowest is for quercetin with an LD = 5 mg/g (7) .
No direct animal studies on the relationship between this plant and dyspepsia have been conducted; however, quasi-similar gastrointestinal studies have shown that M. longifolia has anti-spasmodic and antidiarrheal effects, which act by blocking calcium channel activity in the intestinal wall (10) . M. longifolia also has anti-nociceptive, anti-ulcer, antioxidant, anti-inflammatory, and hepatoprotective effects (9, (11) (12) (13) .
In a human study pertaining to gastrointestinal diseases and M. longifolia, it was observed that this herb could positively affect acute nonbacterial diarrhea in regards to volume, stool consistency, and the frequency of defecation (14) . Also, in another study on the effect of M. longifolia on secondary amenorrhea, two sets of pleasant and unpleasant side effects were noticed in patients. Among the most pleasant effects reported were reductions in various gastrointestinal symptoms, including bloating, nausea, and stomach pain (15).
Objectives
Considering the traditional use and pharmacologic effects of M. longifolia, this study aimed to investigate the effect of M. longifolia on relieving symptoms in patients with functional dyspepsia from a subgroup of PDS.
Patients and Methods
The current study was a double-blind, randomized clinical trial study that used two parallel groups and was conducted in a referral governmental gastroenterology clinic affiliated with Isfahan University of Medical Sciences from August 2013 to March 2014. The study was approved by the local medical ethics committee of Shahed University of Medical Sciences (reference numbers: 41/1681152, 2013-04-10). The trial was registered in the Iran clinical trial center (IRCT Code: IRCT2013043013183N1).
One hundred and forty two patients were visited and assessed. Those who fulfilled the inclusion criteria and signed a written informed consent form were enrolled in the study. Inclusion criteria were an age of 18 -65 years and a diagnosis of postprandial distress syndrome according to the ROME III criteria. The patients had experienced at least one of the following symptoms several times a week in the past six months: an uncomfortable feeling of postprandial fullness and/or early satiety. Patients had normal reports for upper gastrointestinal endoscopy and were negative for Helicobacter pylori.
Exclusion criteria included pregnancy, breastfeeding, peptic ulcer, gastroesophageal reflux disease, dysphagia, celiac sprue, gastrointestinal surgery, irritable bowel syndrome, abdominal pain, night diarrhea, greasy or black stool, blood in stool, mental retardation, immune system disorders, severe recent weight loss, cancer, renal disorders, and the current need for or use of the following medications: antibiotics, proton pump inhibitors, H2 blockers, bismuth, metoclopramide, domeperidone, lactulose, non-steroidal anti-inflammatory drugs, corticosteroids, and herbal medicines. Finally, 100 patients were allocated equally to the M. longifolia or placebo group. The evaluations were carried out at baseline and also at the end of weeks 2, 4, and 12.
Herbal Drug Preparation
The herbal medicine used in this trial was the dried extract of M. longifolia (MLE: Mentha longifolia L. extract). The extract was prepared from the aerial parts of the plant obtained in the highlands of Sirjan (Iran). The herbs were approved by the herbarium of the Shahid Beheshti School of Pharmacy (Voucher specimens No. 1078). Preparation of the MLE and placebo capsules was carried out in the herbal medicine laboratory of Shahed University (Tehran, Iran).
The dry extract of the herb was prepared using a method described in a previous study (16) . The MLE was placed in 500-mg capsules containing 250 mg of the dry extract of the herb and 250 mg of cornstarch as a filler. The placebo contained only 500 mg of cornstarch and was placed in similar capsules. Their packages of capsules were identical in shape, color, size, and fragrance. The drug and placebo packages were carpeted with a thin layer of peppermint essence.
The total phenolic and flavonoid compound contents of the examined plant extract were determined using a spectrophotometric method (17, 18) ; the former was 39.1 ± 
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Medication, Allocation, Blinding, and Compliance
Based on previous studies, the treatment course in this double-blind, randomized clinical trial was set at four weeks (19) . The patients consumed a capsule three times per day (before breakfast, lunch, and dinner) for four weeks. Therefore, patients in the MLE group received 750 mg of the extract equal to 5 g of the herb/day for four weeks and were followed up for eight weeks.
Considering the inclusion and exclusion criteria, a convenient sampling method was used for recruiting the patients. Randomization and enrollment of the patients in the MLE and placebo groups were done by the gastroenterologist equally and alternatively using permuted random blocks with a block size of two.
The MLE and placebo were packaged and alphabetically labeled with the same appearance. An independent pharmacist set the codes on the drug or placebo packets using a confidential list that contained the secret codes and was kept in sealed, opaque envelopes until the end of the study and until they were needed for data analysis. The gastroenterologist, patients, and outcome assessor were not informed which participants had received the drug and which had been given the placebo. To ensure patient compliance, the outcome assessor asked them to verify how many pills had been taken, and the number of remaining capsules was also checked. Patients who took less than 80% of the dispensed medication or experienced any type of drug intolerance were withdrawn from the study.
Instruments and Outcomes
The dyspepsia severity of the patients was assessed at baseline and at the end of weeks 2, 4, and 12. The patients' QOL was also evaluated at baseline and during their week 12 visit.
FD was diagnosed using questionnaires that the participants filled out individually. A modified ROME III questionnaire was employed to assess the symptoms of FD according to previous studies (19) (20) (21) .
Epigastric discomfort/bloating/pain/fullness/burning, pre-prandial and postprandial nausea and epigastric pain, night epigastric pain, morning nausea, vomiting, retching, belching, loss of appetite, and early satiety were assessed. A four-item Likert scale (never or rarely, not very unpleasant, very unpleasant but tolerable, and cannot tolerate) was employed to answer the questions. Each participant's total score ranged between 0 and 48.
The severity of the FD in follow-ups was evaluated with the FD severity scale, which uses a 5-item Likert scale [much worse (-2), somewhat worse (-1), not different (0), somewhat better (+1), and much better (+2)], and had a total score between -32 and 32.
QOL was evaluated using the Persian version of the Short Form-36 (SF36) questionnaire. Its reliability and validity has already been verified (22) . The SF-36 contains 36 items that measure the following eight health domains: vitality, general health perceptions, physical functioning, physical role functioning, emotional role functioning, social role functioning, bodily pain, and mental health.
The patients were followed-up for 12 weeks. Any side effects from their medications were recorded at each followup. The primary and secondary end points were the mean score of the severity of FD and the frequency distribution of patients with various severities across the study period, respectively.
Sample Size Calculation
The sample size in the current study was determined based on the following formula:
Where α and β are type one and two error rates that were set to 5% and 20% (or the statistical power was considered to be 80%), respectively, and ∆ is the standardized effect size that was set to at least 0.6 based on the results of a previous study and resulted in 45 patients for each study group (23, 24) .
Statistical Analysis
Data are reported as mean ± standard deviation (SD) or as a number and (%) for continuous and categorical data, respectively. The normality of the data was evaluated using Kolmogrov-Smirnov and Q-Q plot. Log transformation was conducted for positive skew data. Non-normal data were compared between the two groups both before and after the intervention using Mann-Whitney U-test, while the student t-test was employed for the normally distributed variables. The total FD severity scales within each group and between the two groups were compared by repeated measure analysis of variance (ANOVA). Mauchly's sphericity test was conducted to assess sphericity as a perquisite assumption. A Huynh-Feldt correction was applied when this assumption was not satisfied. Within-group comparisons at each follow-up time point were tested using repeated contrasts. All statistical analyses were conducted based on an intention-to-treat approach. P-values less than 0.05 were considered statistically significant. The Statistical Package for the Social Sciences (SPSS), version 18 (Chicago, IL), was applied for the statistical analysis.
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Results

Participant Characteristics
In total, 142 patients who attended the clinic from August 2013 to March 2014 were assessed for eligibility, and 100 of them were randomized to receive either the M. longifolia or placebo (50 patients in each group). Fourteen patients dropped out during the four-week study duration; Six and eight patients were withdrawn from the study in the intervention and control groups, respectively ( Figure  1) . The most common complications in the intervention groups were drug intolerance (n = 2) and dermatitis (n = 1).
The mean (± SD) age of patients was 42.8 (± 14) years in the control group and 43 (± 12.3) years in the intervention group (P = 0.314). Other demographic characteristics between the two groups are compared in Table 1 . No significant difference was seen in any demographic characteristic or in the baseline sum means (± SD) of different symptoms of PDS in the two groups (13.9 ± 7.60 vs. 14.2 ± 7.23, P = 0.84). All symptoms were distributed similarly between the two groups. Table 2 shows the results of the t-test for comparing the PDS severity between the two studied groups at different follow-up points. The observed PDS severity in the MLE group for all study points was significantly better than that in the control group (Figure 2 ). In addition, this tabulation presents the results of a repeated-measure ANOVA for both within and between group comparisons across the study period. The within-group differences (time effect) were only statistically significant in the MLE group (P < 0.001). Furthermore, the MLE group experienced more improvement than the control group (P < 0.001) when the between groups statistical difference (treatment interaction) was evaluated throughout the study period. The nonsignificance of the treatment interaction variable showed that the MLE group uniformly experienced much more improvement than the control group during the study.
Effects of an Intervention on the Symptoms of PDS
In this study, the severity of baseline symptoms was not significantly associated with the proportion of drug responses. Table 3 shows that in the fourth week of the treatment, the two ROME III criteria of early satiety and epigastric fullness were significantly better in the MLE group than in the placebo group. In addition, less important symptoms, like epigastric bloating, belching, loss of appetite, epigastric pain, and post-prandial epigastric pain, were much improved in the MLE group. The greatest improvements (better and much better) were observed for epigastric bloating (70.5% vs. 21.4%, P < 0.001), epigastric fullness (68.2% vs. 31%, P < 0.001), early satiety (36.3% vs.
21.4%, P = 0.02), belching (36.3% vs. 11.9%, P = 0.001), loss of appetite (34.1% vs. 9.5%, P = 0.014), epigastric pain (31.8% vs. 21.4%, P = 0.046), and post-prandial epigastric pain (22.7% vs. 11.9%, P = 0.016), respectively.
In the second, fourth, and twelfth week of treatment, certain symptoms, such as belching, epigastric pain, and post-prandial epigastric pain, were more significantly improved in the MLE group than they were in the placebo group. However, some other symptoms, like vomiting, retching, pre-prandial epigastric pain, night epigastric pain, and epigastric burning, were not affected during the treatment course. Table 4 shows the different health domains of SF-36 within each group and also between the two groups. There were significant differences between the MLE and placebo scores for QOL in general health (P = 0.023), role-physical (P = 0.039), social functioning (P = 0.001), bodily pain (P = 0.002), vitality (P = 0.027), and mental health (P = 0.016) after the intervention.
Effects of the Intervention on the Different Components of SF-36
Discussion
This study showed that four-week treatment with M. longifolia could relieve symptoms in patients with PDS. The etiology of PDS is multi-factorial and mainly includes delayed gastric emptying, hypersensitivity to gastric distension, local micro-inflammations, and psychological factors (25) (26) (27) (28) .
The mechanism of the effect of M. longifolia on the digestive system has been investigated in multiple studies (7) . M. longifolia has a broad spectrum of pharmacological effects on the gastrointestinal, nervous, muscular, and immune systems, such as anti-inflammatory (12), antimicrobial (29) , and anti-nociceptive effects (9) , and also antiulcer activity (11) .
In a study on five flavonoids extracted from M. longifolia, it was observed that the quercetin of the plant had strong antibacterial activity. It is widely accepted that flavonoids have anti-inflammatory, anti-oxidant, and hepatoprotective properties (30) . In addition, since this herb contains phenolic compounds, it can heal damage inflicted by radical factors on the gastric mucosa using its free radical scavengers and antioxidant qualities (30, 31) . Considering the pathophysiological factors involved in PDS, the effect of M. longifolia on relieving symptoms is achieved by facilitating gastric emptying (28, 32) . Multiple studies have shown that prokinetic drugs are effective at relieving the complaints of dyspeptic patients with delayed gastric emptying (33) . Based on a meta-analysis of 4 Iran Red Crescent Med J. 2017; 19 (2):e34538.
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Babaeian M et al. clinical trials, these drugs were significantly more effective than placebo (57% vs. 47%) (34) . However, the consumption of some prokinetic drugs, such as cisapride and tegaserod, has been limited due to the presence of significant adverse events (34, 35) .
Certain medicinal plants, such as modified xiaoyao san in Chinese herbal medicine, have shown better curative effects than prokinetic drugs. However, the studies for these plants have had methodological flaws, like concealment of allocation, lack of blinding, and a lack of statistical power (36) .
In recent years, one of the most influential herbal compounds on gastric motility has been Iberogast (STW) (37) . Iberogast is a fixed combination of several plants, such as Iberis, peppermint, chamomile, and Limon balm, that is highly effective in relieving FD symptoms in 52% -68% of patients due to its antispasmodic and radical scavenging properties (38) .
Another apparent result of this study was the significant effect of M. Longifolia on bloating (70.5% vs. 21.4%, P < 0.001). The prominent effect of M. longifolia on bloating could be due to its antispasmodic activity produced mainly through varying calcium mobilization and partly by the activation of potassium channels (7, 39) . This feature of M. longifolia is similar to the effect of peppermint oil on abdominal distention (40) .
This study also showed a significant difference between FD symptom severity scores in the two groups eight weeks after the medication was cut, which is of great importance in TIM, where medicinal or non-medicinal treatment of digestive disorders prevents the infliction of many other health problems. Owing to different effects of drugs, Iran Red Crescent Med J. 2017; 19(2):e34538. 5
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Archive Of SID This study was the first clinical trial to show the effects of M. longifolia on the QOL in patients with PDS. In the current study, general health, role-physical, social functioning, bodily pain, vitality, and mental health improved clinically within the intervention group. Some studies on QOL in patients with FD that used the SF-36 questionnaire have indicated that the disorder affects all aspects of quality of life, particularly the physical ones (42) . Other studies on QOL in patients with FD have concluded that somatization and chronic fatigue are the chief risk factors of dyspeptic patients (43) .
M. longifolia can affect the multifactorial nature of FD and target different pathophysiological features of FD, including epigastric discomfort, micro-inflammation, and postprandial pain. The quercetin present in M. Longifolia is a bioflavonoid with various pharmacological effects, such as antioxidant, anti-inflammatory, and neuroprotective properties. Quercetin can stop the production of excessive corticotrophin-releasing factor (44, 45) and therefore influence some aspects of life, particularly anxiety, depression, and inflammatory pain.
The current study had some limitations. FD is a qualitative disorder and therefore subjective; its evaluation was an overall variable. The severity of FD is spectral, and its generalization to all patients is low. The single-center design of research also led to the inclusion of a more homogeneous study population and raised the possibility of limited external validity of the results. The sample size could have been larger, and the follow-up period could have been longer. Hence, future investigations might include larger 
Conclusions
M. longifolia was effective and tolerable in relieving the symptoms of PDS and improving the QOL of patients with PDS. Many of these effects were observed even eight weeks after discontinuation of M. longifolia.
